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Available online 12 June 2014Abstract The spatial relationship between the gravity and magnetic maxima of Agnes horst had
been studied utilizing a joint modelling technique. The process depends mainly upon combining
the Bouguer and Reduced To north Pole (RTP) aeromagnetic data for constructing 2D/2.5D
models of the upper crustal layers. These integrated approaches were accomplished in regional
and shallow senses along two proﬁles, for better obtaining source parameters and ﬁnding out the
structural style.
Results of the qualitative analysis show that Agnes high gravity and magnetic association is
mainly caused by a near surface igneous intrusion of NW orientation. Quantitatively, regional
models indicate a normal continental type of crust, which is divided into upper and lower by the
Conrad surface (21.5–22 km). The crust–mantle interface lies at 32–33 km meanwhile the magnetic
crust reaches a depth of 16 km. Local models reveal that the basement rocks north and south of the
Agnes high were offset by some 6–8 km and 3–4.5 km, respectively. Statistically, the area was
controlled by two main old trends; the most prevailing WNW to NNW (East African) and the less
abundant ENE (Syrian Arc) trends. These two principal trends almost have its doubtless impact on
preservation of possible accumulations.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Petroleum Research Institute.1. Introduction
Agnes high considered as one of the most anomalous features
which exist in the north Western Desert along the E–W
direction. It locates to the east of the Qattara Depression, innorthern Western Desert of Egypt, which represents part of
the unstable shelf of northern Africa and the Mediterranean.
The area under investigation is located between Latitudes
29 000 N & 29 450 N and Longitudes 28 000 E & 29 150 E
(Fig. 1). It hosts two major basins; North Abu Gharadig basin
where there are many of oil and gas ﬁelds (Table 1) and South
Abu Gharadig basin or Miswage graben. They are separated
from each other by Agnes–Rammak horst, which belongs to
the Apollonia–Kattania uplift, and bounded from the north
and south by Ras Qattara ridge (Sharib–Shiba) and Sitra
Platform, respectively. The Kattaniya high actually limits the
area to the east, and separates it from El Gindi basin.
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Figure 1 Location map of the study area showing locations of the drilled wells.
230 A.A. AzabThe purpose of this paper is to discuss the structure of
Agnes area and give a demonstration for its tectonic setting
in view of potential modelling. This was done through integra-
tion of the geological data and geophysical experiments to
construct regional and local models for the upper crust. They
ultimately aim to correlate the deep-seated and near-surface
structures to improve the deﬁnition of the structural style.
The present work is based mainly on the gravity and mag-
netic tools as rapid methods for detecting the deeper structure.
The gravity and magnetic highs of the Agnes horst, as a focal
point, were focused to study their causative sources. Both of
the Bouguer anomaly map with scale 1:100,000 and contour
interval of one mGal measured by General Petroleum
Company, 1986, and RTP aeromagnetic map provided by
the General Egyptian Petroleum Corporation, 1986 with scale
1:250,000 and contour interval of 10 nT are the main source of
data. Interpretation of these maps was achieved by applying
several processing and ﬁltering techniques which are important
in the geophysical explanations. For instance, isolation of the
residual anomalies on the expense of the regional ones was
performed to clear type of anomalies and better-resolute pic-
ture. The average depths to the source bodies and major crus-
tal interfaces were obtained from the power spectra of their
gravity data. As well, the maximum depth of the magnetic
crust, considering the Curie isotherm point, was estimated
from the magnetic data using spectral analysis. The frequency
distribution curves for the anomaly trends deduced from the
Bouguer and RTP aeromagnetic maps were overlapped and
used to delineate the major tectonic trends affecting the area.
Two correlation charts and one geologic cross-section tying
the study area in NW and NE directions have been constructeddisplaying the unconformities and depositional packagings
across the study area.
At last, to obtain a more quantitative representation of the
sub-surface situation, the Bouguer and RTP anomalies were
analysed through performing a joint 2D/2.5D modelling along
two long proﬁles covering the area in northeast and northwest
directions. The signiﬁcant geologic boundaries of the crust
including the basement surface and the Conrad and Mohorevic
discontinuities as well as the magnetic layer, were approxi-
mated through constructing two regional models. Other two
local proﬁles were taken along the same trends on the residual
gravity/magnetic maps. They were constructed concerning the
uppermost 9 km of the crust, including the sedimentary layers
and basement rocks. The models were built on the basis of the
geological background, well logging information and seismic
data. These different integrated geophysical tools are quiet
valuable to produce an excellent conﬁguration and geometry
of the subsurface structures.
2. Geologic setting
The information derived from the wells drilled in the study
area indicates that most of the region is characterized by a
thick Palaeozoic to Recent section unconformably overlies
the Precambrian granitic basement of pan African. The
sedimentary succession above the basement can be subdivided
into six major cycles (Fig. 2) separated by broad unconformity
surfaces [1]. Major unconformity surfaces vertically separate
basins of different ages with contrasting tectonic and stratigra-
phy. In general, it is characterized by a non-marine to marginal
marine clastics at the base, while open to shallow marine ﬁne
Table 1 Information derived from drilled wells in the study area.
Symbol Well name Long. Lat. TD (feet) TD (Formation) Status
1 BRE-23-1 28 05 30.000 29 33 30.000 8701 Cenomanian P & A
2 GPJJ-1 28 08 42.600 29 33 22.500 7202 Kharita P & A
3 GPJ-1 28 08 58.400 29 32 08.800 7084 Kharita Gas & condensate producer? Discovery
4 BRE-23-2 28 09 30.000 29 32 06.000 8691 Albian Gas producer upper cretaceous cenomanian discovery
5 GPHH-1 28 09 50.100 29 34 58.900 10850 Kharita P & A
6 GPH-1 28 10 31.300 29 35 57.300 11431 Kharita P & A
7 GPL-1 28 14 42.200 29 35 30.600 11473 Kharita P & A
8 Hd 33-1 28 15 35.400 29 18 50.300 9845 Palaeozoic P & A
9 Hg 34-1 28 21 58.800 29 39 10.000 11464 Kharita Rec.oil
10 A/G-2 28 24 55.000 29 40 15.000 12377 Lower cretaceous P & A with gas shows in the eocene
11 Hf 35-1 28 29 31.100 29 32 08.860 12852 Khatatba P & A
12 ABU GHARADIG-1 28 29 33.000 29 44 32.000 13445 Lower cretaceous Gas producer upper cretaceous bahariya & Abu
Roash ‘‘C’’ discovery
13 AGNES-1 28 30 54.000 29 24 19.000 9500 Jurassic P & A with gas shows all over the section
14 GPT SW-3 28 31 08.400 29 33 39.200 7504 Abu Roash ‘‘F’’ Oil producer (Abu Roash ‘‘F’’ Formation)
15 GPT SW-1 28 31 48.700 29 33 52.500 7300 Kharita Gas & oil producer upper cretaceous bahariya
discovery
16 AG-50 28 32 19.800 29 44 40.500 10560 A/R E T.A.
17 GPT SW-2 28 32 41.900 29 33 36.300 7530 Kharita Oil producer bahariya discovery
18 WD 30/12-1 28 33 30.600 29 42 30.700 11970 Bahariya Abu Roash E gas & oil discov.
19 GPT-3 28 36 41.300 29 36 10.600 7530 Kharita P & A
20 GPT-1 28 37 19.400 29 36 29.100 7077 Kharita Gas producer upper cretaceous lower cenomanian
discovery
21 GPT-2 28 37 30.300 29 37 03.900 7215 Bahariya Gas producer upper cretaceous upper cenomanian
discovery
22 ABU SENNAN-1 28 41 57.000 29 38 00.600 12043 Lower cretaceous Gas producer upper cretaceous Abu Roash ‘‘C’’
discovery
23 GPX-1 28 42 14.800 29 38 10.100 8075 Kharita P & A
24 GPY-2 28 44 41.100 29 40 06.600 8042 Kharita Gas producer upper cretaceous cenomanian discovery
25 GPY-1 28 45 02.700 29 40 25.200 8042 Kharita Gas producer upper cretaceous upper cenomanian
discovery
26 MISAWAG-1 28 48 06.000 29 21 12.000 8889 Jurassic P & A
27 GPSE-1 28 48 51.000 29 36 29.300 10348 Alpian (Kharita FM) P & A (Dry Hole)
28 WD 32-1 28 49 53.000 29 43 09.000 11168 Albian P & A with gas & oil shows in the upper cretaceous
29 GPZZ-2 28 50 35.700 29 42 24.100 9840 Bahariya P & A
30 GPZZ-1 28 50 42.100 29 42 08.800 10010 Kharita P & A
31 GPZ-1 28 51 04.100 29 41 17.100 11519 Bahariya P & A
32 GPZZ-3 28 51 16.900 29 42 51.600 10343 Bahariya P & A
33 RAMAK-1 29 01 32.600 29 32 40.200 7817 Kharita P & A
34 S.W.MUBARAK-1 29 01 33.000 29 32 21.000 12777 Jurassic P & A with gas & oil shows in the eocene & upper
cretaceous
35 DIYUR-1 29 01 57.000 29 02 32.000 5331 Basement P & A
36 HASANA-1X 29 04 41.380 29 34 04.540 7550 Kharita P & A
37 El Diyur-4 29 05 19.150 29 27 18.940 6678 Baharyia Drilling
38 WQ 55/3-1 29 06 09.800 29 35 47.500 2415 Khoman P & A
39 WD 33/15-1 29 07 05.700 29 36 47.000 8613 Kharita Oil producer upper cretaceous Abu Roash ‘‘C’’
discovery
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outcrop of the area (Fig. 3) is composed of rocks and
sediments belonging to the Palaeocene, Eocene, Oligocene
Miocene and Quaternary ages [2].
Structurally, Abu Gharadig basin is primarily extensional
in nature and is affected mainly by faulting. Folding is rela-
tively subordinate and is often related to movements on nearby
faults [3]. Abu Gharadig anticline appears to be related to the
Syrian arc system, which is comprised of a series of NE–SW
trending folds that cross the entire unstable shelf of northern
Egypt [4,5]. This system has been attributed to Late
Cretaceous–Early Tertiary NW–SE compression (normal tothe folding axis). The structural style of the Abu Gharadig
anticline is proposed to be the result of a regional east–west
right lateral shear couple. The structure is a northeast plunging
asymmetric anticline which has been cut by a series of north-
west trending extensional faults. These faults have dissected
the ﬁeld into a number of separate reservoir blocks.
Meshref et al. studied the tectonic trends in northern Egypt
using the potential data and suggested several uplifted struc-
tures separated by ENE trending basins [6–8]. He concluded
that the E–W and N 65 E (Syrian Arc) trends are more
developed in the northern Western Desert (Fig. 4a). The north-
ern anticlinal structures are extended on-land at the extreme
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Figure 2 Stratigraphic subdivisions of the north Western Desert (after Abu El-Ata, 1981).
232 A.A. Azabwestern portion of the northern Western Desert. Southwardly,
this trend is followed by the Qattara–north Sinai uplift,
Bahariya–Ataqa uplift and Nashfa–Wadi Araba uplift.
Recent seismicity map (Fig. 4b) by [9] indicates that the
study area is featured a very low seismic activity, and earth-
quake activity is almost missing. This explains in part why
major surface faults are rare. The recent tectonics of the study
area is more stable than other adjacent areas close to the Med-
iterranean sea or Nile-Delta. This helps the urban community
to safely use these locations for buildings in the future.
3. Qualitative interpretation
Visual inspection of the Bouguer gravity and RTP aeromag-
netic maps indicates the following:3.1. Bouguer map description
The Bouguer gravity map (Fig. 5) comprises various low and
high anomalies extend in the WNW, ENE and E–W trends as
consequence with fold patterns in north Western Desert.
These alternated anomalies are primarily due to the density
contrast between the sedimentary blanket and the crystalline
basement. Agnes gravity high is a very characteristic feature
on the Bouguer map with a strong positive oval shape anom-
aly (>15 mGal) having WNW trend and width ranges from
40 to 50 km. Other two maxima can be traced at the southern
corners of the map, associated with near-surface basement
blocks. On contrary, a number of gravity minima can be
found at east (27 mGal) and north western (25 mGal)
parts, which are almost deﬁning locations of deep basinal
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Figure 3 Surface geological map of the study area from Landsat-1 Satellite images.
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A structural study of Agnes high Western Desert in view of potential data modelling 233areas. Linear contours are presumably delimiting the block-
fault locations bounding the structures. The anomalous
features either positive or negative as well as the dominant
lineaments are virtually oriented in the WNW and ENE
trends. It is believed that this region, as being a part of Wes-
tern Desert represents two complementary different events;
an older event probably of Palaeozoic and pre-Cretaceousages which caused major folding and faulting of WNW and
ENE trends, respectively.
3.2. RTP aeromagnetic map description
Qualitative interpretation of the RTP aeromagnetic map
(Fig. 6) shows anomalies of different frequencies and
Figure 4b Recent earthquake activity (1997–2003) in the north western part of Egypt. Earthquake data were recorded by the Egyptian
National Seismological Network (ENSN).
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Figure 5 Bouguer gravity map of the Agnes area showing locations of modelling proﬁles (AA0 and BB0), interpreted seismic proﬁle (P1).
234 A.A. Azabmagnitudes that resulted primarily from the structures and/or
compositions of the basement. The RTP anomaly map exhibits
a wide range of magnetic values of about 800 nT. The map
comprises a strong anomalous feature, to the east of Agnes-1
well, with good correspondence and similarity to the existing
host structure. This magnetic anomaly is characterized by
elongate shape, steep gradient, high relief and NW orientation.
The circular peak form and sharp amplitude (>550 nT) sug-
gest an igneous intrusive body of maﬁc materials in a ring-like
structure. Alternatively, to the east, the magnetization is com-
pletely reversed in the area between Mubarak-1, Miswage-1and Diyur-1 wells. This low magnetic zone (west El Gindi
magnetic low) comprises a number of negative anomalies with
values ranging between 270 and 0 nT. These minima of
relatively low reliefs may reﬂect the acidic composition for
the granitic rocks. Linear forms delimiting these highs and
lows are almost locations of contacts and/or faults.
3.3. Regional–residual separation
As the study area was heavily affected by the regional structure
of the north Western Desert, it deems necessary to separate the
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A structural study of Agnes high Western Desert in view of potential data modelling 235near-surface anomalies resulted from the fold patterns away
from those of the deep-seated regionals. In addition, it is
noticed that the direct correlation of the Bouguer/RTP low
anomalies with the local basins or sub-basins is comparatively
difﬁcult because of a thick sedimentary ﬁll as well as changes in
basement lithology. Thus, isolation of regional constituents
away from local ones was done using a simple method of
[10] for separation. This technique involves averaging of the
gravity values along a periphery of a circle of 9 km diameterand 8 points equally distributed on its circumference. The
diameter is to a large extent suitable since it covers most of
areal extent of the large anomalies observed in the potential
maps.
The regional gravity map (Fig. 7) shows alternated positive
and negative anomalies of large sizes and high magnitudes.
They show up with a distribution the general structural conclu-
sions that have been previously obtained from the Bouguer
maps (Fig. 5). The regional gravity ﬁeld exhibits similar
236 A.A. Azabshapes, polarity and trends, particularly those concerning the
structure of Agnes high. The axes of major anomalies are
mostly oriented in the WNW and ENE directions, parallel to
the main structural trends. These two main coupled systems
were efﬁciently controlling the fractures and regime patterns
of the uplifts and basins. All may suggest that the deep
constituents and basement rocks are responsible for most of
gravitization in the study area.0 5 10 15
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Figure 9 Residual gravity maThe regional magnetic map (Fig. 8) is overprinted by the
same locations and number of the anomalous features existed
in the RTP aeromagnetic map (Fig. 6). Structurally, these
maxima and minima of large extent are linked with the
basement surface conﬁguration. Lithologically, the sources of
these positive and negative anomalies are primarily attributed
to basic and acidic igneous rocks, respectively. Agnes high is
the most deﬁned and well-developed anomaly, indicating a-300
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A structural study of Agnes high Western Desert in view of potential data modelling 237deep seated origin. The NW alignment of the Agnes magnetic
high suggests that it was formed during early Palaeozoic along
lines of weakness. This makes expectation that the deep rooted
structures play the main role in deﬁning the general tectonic
framework of the study area.
The residual gravity map (Fig. 9) was prepared from the
Bouguer anomaly map (Fig. 5) by averaging of gravity values
along a periphery of a circle of 9 km diameter with its centre.
The residual components of the gravity ﬁeld (Fig. 9) are
marked by a rough relief with anomalies of short wavelengths,
high frequencies and low amplitudes. The positive residuals
may be attributed to the combined effect of both basement
rocks and the high density evaporites while negative ones con-
ﬁrm locations of basins. Reviewing the previous works of the
study area relates the residual gravity maximum of Agnes to
be due to basement uplifts.
The residual magnetic map (Fig. 10) involves closures that
had been separated from the regional background. The map
area has been split into a large number of sharp residuals of0 5 10 15
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Figure 11 Frequency curves showing the distribution of the gravitylocal areal extent that are mostly linked with the basement
rocks. The most conspicuous of all is the local magnetic high
of Agnes horst. It appears as distinct peak of about 400 nT
at southeast of Agnes-1 well (Fig. 10), coinciding with the
+7 mGal of residual gravity high (Fig. 9). The circular shape
and sharp amplitude suggest a vertical dyke of basic composi-
tion. The regional–residual correlations propose that the
near-surface features are greatly controlled by deep basement
sources.
Lastly, it has been noticed that Agnes horst is a prominent
anomalous feature on all ﬁltered gravity and magnetic maps,
suggesting that Agnes high is produced by a well deﬁned deep
basement source.
4. Quantitative interpretation
Quantitative interpretation involves all numerical analytical
functions applied on the gravity/magnetic data. It has the
optimum role in the interpretational process where it helps in-300
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and magnetic trends as deduced from Bouguer and RTP maps.
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238 A.A. Azabdetermining the different geologic constraints including
position, shape, depth, thickness and composition of the
sources. The analytical techniques that have been applied here
include the followingTable 2 Results of spectral analysis along the Bouguer
Gravity proﬁle No. Deep depth (Moho.)
P1 33.7
P2 30.2
Average 31.95
Table 3 Results of spectral analysis along the RTP aer
Gravity proﬁle No. Deep depth (C
P1 13.6
P2 16.1
Average 15.854.1. Trend analysis
In order to deﬁne the major tectonic trends affecting the study
area, a statistical trend analysis [11] was carried out for the
Bouguer and RTP aeromagnetic maps. The results were
collectively interpreted for comparison and shown as
frequency distribution curve (Fig. 11). They reveal high
strength of the WNW and ENE trends relative to other tec-
tonic trends. These two basic old trends of Palaeozoic and
Mesozoic ages are affecting the study and considered the
strongest and widely spread trends in and around the study
area [4]. Besides, other two younger tectonic trends with lesser
magnitudes are belonging to the Suez trend (NW–SE) and
Aqaba trend (NE–SW). The trend analysis is given a special
signiﬁcance in relation to the established tectonic events in this
region that may have its doubtless impact on preservation of
possible oil accumulations.
4.2. Depth calculation
The average depths to the crustal interfaces were estimated for
the study area using the spectral analysis technique along the
same modelled gravity and magnetic proﬁles. Locations of
these long proﬁles (AA0 & BB0) are shown in Figs. 5 and 6,
exampled in Figs. 12 and 13, and the results are listed in Tables
2 and 3. The Bouguer data along the proﬁles were digitized in a
1 km grid and subjected to the spectral frequency analysis.
From the analysis of the log of energy vs. the radial frequency
plots and the consequent slopes of different segments, three
different crustal layers are discernible. The results in Table 2
show that the deepest crustal layer is found at depths ranging
from 30.2 to 33.7 km pertains to the Moho discontinuity. The
one above is at depths ranging from 18.9 to 22.6 km, signiﬁes
the boundary of the maﬁc rocks or Conrad. The shallowest
crustal discontinuity ranges between 3.5 and 7.7 km in depth,
which deﬁnes the basement surface.
Also, spectral analysis was applied on the RTP aeromag-
netic data to estimate Curie-point isotherm depth. The subject
of using aeromagnetic data to estimate Curie-point isotherm
depth is not new [12–15]. Commonly, the thickness of the
magnetized portion of the earth’s crust suggests two main
boundaries (Table 3). The Curie-point isotherm depth ranges
from 13.5 to 16.05 km, where high temperature beyond thisgravity proﬁles.
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Figure 14 NNW–SSE correlation chart through WD 32-1, Abu Sennan-1, Miswage-1 and Diyur-1 wells.
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Figure 15 NW–SE correlation chart through BRE 23-1, Agnes-1, Miswage-1 and Diyur-1 wells.
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The depth from 2.5 to 4.9 km, corresponds to the basement
where drastic changes in the crustal composition occur.
4.3. Heat ﬂow evidence
The depth extent of the magnetic sources can be of consider-
able geophysical and geothermal interest. The limiting depthmay be controlled, for example, by the Curie temperature
isotherm [16]. Previous studies of heat ﬂow and geothermal
regime in northern region [17–23] related the geothermal
features with the tectonic evolution of the area. The Mediter-
ranean Sea is characterized by heat ﬂow of 30 to 45 mWm2.
This low heat ﬂow of the eastern Mediterranean Sea extends
at least as far south as 29 N [23–26].
The low heat ﬂow of about 46 mWm2 and reduced heat
ﬂow (i.e. the heat ﬂow at Moho) of 20 mWm2 typical of
240 A.A. AzabPrecambrian platform tectonic setting were determined along
the Cairo-Bahariya proﬁle [27]. Accordingly, the normal
thermal gradient assumed that the study area is underlined
by a Curie-point isotherm depth as shallow as 16 km. This
may implies that, the magnetic crust depth of the study area
(Curie point at 580 C) is relatively shallower than the depth
of the Mediterranean. This Curie-point isotherm may implies
a promising thermal heat ﬂow greater than the average heat
ﬂow of the north Western Desert. However, the integration
of spectral analysis and modelling of aeromagnetic anomalies
may provide some conﬁdence for the estimated depths to the
Curie-point isotherm.
4.4. Geologic cross-sections
Two correlation charts AA0, and BB0 (Figs. 14 and 15) in the
NW–SE direction (strike) and one geologic cross-section CC0
(Fig. 16) in the NE–SW direction (dip) were constructed to
conﬁrm and give an idea about the structure of the subsurface.
Generally, they reveal a northward regional dip regime with
remarkable thickening of the sedimentary section, particularly
middle Miocene–Pliocene formations. They also indicate that
the study area is heavily affected by a series of normal fault
systems, of relatively great throws and acute angles. The
structural picture exhibits the presence of some major faults
of signiﬁcant displacements that determine the subsurface con-
ﬁguration. Most of these faults originated on the basement
surface grow-up and die out in late Cretaceous Khoman or
Apollonian formations before reaching the surface. This may
provide evidence that the present shape of Abu Gharadig basin
has been formed at the end of the upper Cretaceous time. They
reveal that post-Miocene section either drape across the base-
ment blocks or was ruptured as a result of the basement
movements.Agnes-1Hh 33-1
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Figure 16 Structural cross-section C–C0 through Hh4.5. Joint modelling
Gravity and magnetic data have been extensively used to
reveal the internal basin geometry, based on the contrasts of
density and magnetic susceptibility between the sedimentary
rocks and their crystalline basement [29,30]. By only qualita-
tively examining the anomaly maps, one may misinterpret
the location and geometry of the anomaly sources. A more
quantitative representation of the sub-surface structure is the
joint modelling process that is guided by the solutions obtained
from the methods of depth determination and were interpreted
in light of the seismic results, well logging, heat ﬂow, geophys-
ical experiments and previous works. Hence, the ambiguity
inherent in potential ﬁeld methods can be reduced making
the ﬁnal model more suited to the local geological reality,
and allows us to resolve the source geometry of the complex
geological settings.
In this work, an exciting approach for estimating the source
parameters of Agnes horst was done through collecting the 2D
and 2½D modelling processes together. These complex models
were taken along two gravity and magnetic proﬁles A–A0 and
B–B0 (Fig. 5). They cover the study area in two opposite
directions, crossing the Abu Gharadig basin, Agnes horst,
Miswage graben and Diyur high. The joint models were con-
structed utilizing the GM-sys software included in the [28],
depends upon algorithm after [29].
4.6. Regional models
As the Bouguer gravity value represents the effect of crustal
and upper mantle density variations, the gravity anomalies
were used to study the entire lithosphere. The 2D modelling
was carried out along two gravity proﬁles AA0 and BB0Abu Sennan-1 WD 32-1
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A structural study of Agnes high Western Desert in view of potential data modelling 241(Fig. 5) to conﬁrm depths of major discontinuities (Moho,
Conrad and basement) and thicknesses of the crustal layers.
Gravitationally, these regional models in the ﬁnal form were
approximated by three lithospheric layers of different densities
including the sedimentary cover, upper crust and lower crust,
overlie the uppermost mantle. The basement depth values
are correlated with the drilled wells that reach or near the base-
ment surface (Table 1). Meanwhile, the depths of the major
crustal discontinuities were constrained by DSS deep seismic
refraction section of Cairo-Bahariya proﬁle [31,32] are shown
in Fig. 17. The average density values of different layers have
been obtained from the ﬁndings of the deep seismic refraction
proﬁle. The signiﬁcance of such regional modelling is essential
to understand the role of the Precambrian structures in the
development of ridge-basin and geological setting.
Furthermore, the RTP anomalies were used to calculate the
thickness and depths of the magnetic crust, considering theFigure 17 Crustal structure and gravity ﬁeld along Cairo-Ba
Figure 18 Regional crustal mopreviously calculated depth of Curie isotherm point
(580 C). Accordingly, the upper crust was subdivided into
two parts; the upper magnetized layer with average susceptibil-
ity value of about 0.0028 cgs, and the lower non-magnetized
portion which extends downward to the mantle. After that,
the 2.5D modelling was applied on this magnetized portion
of the crust, i.e. from the basement surface to Curie isotherm
point. The magnetic layer was divided into a number of
polygons (polyhedrons) with triangulated upper surfaces to
approximate the modelled structure. The observed and
calculated ﬁttings were reached through using a number of
basement blocks with different susceptibilities, depths, sizes
and tilts. The gravity/magnetic anomalies were calculated iter-
atively until a good ﬁt was reached between the observed and
calculated proﬁles.
The regional models (Figs. 18 and 19), collectively reveal
that the crustal structure in the study area is continental inhariya proﬁle (crustal thickness after Makris et al., 1979).
delling along proﬁle A–A0.
Figure 19 Regional crustal modelling along proﬁle B–B0.
242 A.A. Azabtype, which is divided into upper and lower by the Conrad of a
nearly constant depth. They show that the crust-mantle
boundary is slightly shallower to the north, where the depth
values for the Moho are ranging between about 32 and
33 km, while Conrad depth is approximated to be about
21 km. The mean density of 2.41 g/cc is assigned for the sedi-
mentary ﬁll, assumed to be 2.75 g/cc for the Precambrian igne-
ous and metamorphic rocks (sialic or granitic rocks), 2.9 g/cc
for the lower crustal layer (siamic, maﬁc rocks), while upper
most part of the mantle is 3.31 g/cc.
Considering the magnetic crust, the models show that the
magnetized layer (susceptibility is 0.007 cgs) has a constant
base at an average depth of 15.7 km, This depth may slightly
increase below Agnes horst attaining 16 km, and slightly
decrease below the northern Abu Gharadig basin to be
15.5 km. They conﬁrm the maximum depth of magnetization
deduced from the thermal gradient and spectral analysisCDP
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4.7. Local models
For further resolution, two local models were constructed
along the same transects of AA0 and BB0 proﬁles, taken on
the gravity and magnetic residual maps (Figs. 9 and 10). These
models were created to clear the interaction between the
intensely deformed Precambrian rocks and the overlying
Phanerozoic sediment evolution. They incorporate the subsur-
face conﬁgurations provided by the seismic reﬂection data,
drilling-derived information and relevant works.E
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A structural study of Agnes high Western Desert in view of potential data modelling 243Based on the drilled wells (Table 1), the basement depth
may reach 8 km in the north-eastern part of the Abu Ghara-
dig basin. Therefore, the structure of the uppermost 9 km of
the crust was divided into six layers of the sedimentary
formations overlying the crystalline basement rocks. The
thicknesses and depths of these layers were readily supplied
from Agnes-1, Diyur-1, Miswag-1 and Mubarak SW-1 wells,
as well as the interpreted seismic section (Fig. 20). The seis-
mic results trace the Agnes high as a basement intrusion
within the sedimentary cover. It exhibits upwelling of mantle
material spreads over a distance of almost 40 km to the south
of Agnes-1 well. The density information for the sedimentaryFigure 21 Local crustal mod
Figure 22 Local crustal modlayers had been driven from density log of Agnes-1 well,
which was used as a start point to obtain good ﬁttings
between the calculated and observed proﬁles. Commonly,
densities for the sedimentary rocks are in the range of 2.2–
2.6 g/cm3 (average 2.41 g/cm3) whereas the density of the
Pan-African basement varies between 2.6 and 2.71 g/cm3
(average 2.66 g/cm3). Similarly, the magnetic anomaly from
the uplifted blocks of Agnes is well matched by assuming
suitable basement susceptibilities (0.002–0.003 cgs), almost
of basic values. However, lower susceptibility values were
required in order to match the observed magnetic anomalies
of the surrounding basins.elling along proﬁle A–A0.
elling along proﬁle B–B0.
244 A.A. AzabQualitatively, the reﬁned models (Figs. 21 and 22) show a
good ﬁtness between the calculated and observed proﬁles.
They provide an excellent subsurface deﬁnition across the
whole anomalies and gave the same conclusion previously
obtained from regional ones. Structurally, the models show
that, the basement surface’s attitude plunges in two contrast-
ing dips, to the north and south. The basement consists of
some blocks, of various sizes and tilts and separated by normal
fault patterns forming alternated horsts and grabens, which
are almost deﬁned by high and low gravity/magnetic anoma-
lies, respectively. They reveal that the basement blocks, which
generally slopes northwards, was brought into near-surface in
the central portion of the study area. The structure exhibits
two basins separated from each other by E–W oriented ridge
(Agnes-Rammak high) by normal faults of relatively large
throws. North Abu Gharadig basin is larger and deeper, where
maximum depth reaches about 6 and 7.5 km at the northwest-
ern and northeastern parts, respectively. South Abu Gharadig
basin or Miswage graben is much smaller and less deeper (3–
4 km) than the northern basin. Lithologically, the models
reﬂect acidic nature of the basement rocks (susceptibil-
ity < 0.0016 cgs) except for Agnes blocks where the basement
composition shows some basicity (susceptibility is 0.0025–
0.004 cgs). These dense basement blocks (2.69–2.73 g/cc) were
modelled at relatively shallow depths (2.5 km).
5. Discussion
There are many arguments about the nature of the crust ﬂoor-
ing the Agnes area. The current efforts were exerted to set a
reasonable remedy to these debatable arguments [33].
Assumed thinning of the continental crust under the Abu
Ghardig basin. But, deep seismic studies and gravity modelling
by [31] revealed a ﬂat Moho with slight thinning towards the
Mediterranean Sea coast. One of the possibilities may be an
unusual dense body in-between the sediments and Moho in
this region. The combined gravity/magnetic models highlight
this aspect and support the last assumption.
The anticlinal uplift southeast of Agnes-1 well is qualita-
tively associated with strong positive magnetic and gravity
anomalies, this is logical because the structure is upheaval,
which means that the basement rocks have been brought closer
to the surface. Otherwise, the rest of the study area, in partic-
ular the eastern part is almost associated with negative gravity
and magnetic responses. This is also logical since these parts
are almost ﬁlled with a thick column of low density and non
magnetized sediments. In general, the gravity/magnetic signals
show somewhat positive correlations with the basement relief.
Gravitationally, Agnes high is of a geologic importance
here because the strong gravity amplitude (40 mGal) is
underlain by sediments of some 3 km average thickness, as
inferred from Agnes-1 well. The sandstones, clay stone, ..etc
which are reported in the subsurface overburdens, actually
reduce the density and their gravity value. But, this variation
in the sediment thickness is insufﬁcient to account for more
than a small part of this sharp anomaly. So, the difference
could be explained by a deep-seated source contributing the
regional gradient, probably caused by dense basement rocks
or an upwrapping Moho. The models suggest a deep causative
source is sought to explain the positive gravity anomaly of this
terrace i.e. the source can be certainly interpreted to be due tointra-basement rather than sedimentary origin. This is the
most acceptable hypotheses to compensate the negative gravity
contribution of the 3 km thick sedimentary pile at this place.
Magnetically, the strong magnetic anomaly of the Agnes
horst has attracted interest from a geothermal exploration
point of view, since it is expected to have a strong relationship
with the thermal sources. The calculated depths to the bottom
of the magnetic bodies are between 15 and 16 km. This means
a general increase in the geothermal gradient (35–40 C/km) in
the study area, based on a possible Curie-point temperature of
580 C. This expectation was supported by the geophysical cal-
culations, which show that the basement rocks of Agnes high
were intruded as a basic dyke.
West El Gindi area is characterized by relatively low
magnetic characters that may suggest the acidic nature of their
sources. The close correlation with the negative gravity anom-
alies cannot be explained in terms of basement relief alone. The
modelled proﬁles reveal that these low anomalies are linked
with down-faulted blocks (3.5–4 km depth) of relatively low
susceptibility.
The parameters of the regional models if compared with
those of the residual ones are so matched, but are not identical
perfectly. These little discrepancies between the regional and
local parameters may be attributed to lateral/vertical
variations in the density/susceptibility and structure with
depths. Thus, some modiﬁcations in density/susceptibility
and geometry of the structures were necessary in order to
adjust the calculated ﬁeld to the observed one.
The density effect for the sedimentary formations is
necessary, valuable and extremely critical to interpret the dee-
per effect of Agnes horst. It assumed an average density value
for each formation as deduced from the drilled wells in the
study area, with no lateral lithological variations into consider-
ation. The mis-ﬁt between the observed and calculated gravity
proﬁles may be attributed to lateral changes in lithology of the
sedimentary formations. Also, it may occur on the edges,
which signiﬁcantly inﬂuence the structural ﬁttings. In order
to overcome the edge effect, the modelled length is slightly
enlarged outside the limits.
6. Conclusions
As a result of the present study, the following observations
could be summarized:
Qualitative analysis of potential maps shows that Agnes
high was inserted into a complex structural and tectonic frame-
work. The high gravity and magnetic association is mainly
caused by a near surface igneous intrusion of NW orientation.
Application of the spectral analysis to the Bouguer gravity
map provided average depth estimates for the three major
discontinuity levels of the crust as 3.3–7.7 km, 14.5–17.1 km
and 29.3–34.6 km, attributed to the basement, Conrad and
Moho, respectively.
Application of the spectral analysis along the RTP aero-
magnetic anomalies approximates minimum and maximum
depths of the magnetic crust to be 2.2–5.9 km and 13.5–
16.9 km, respectively.
The statistical study reveals that the area was controlled by
two main structural trends; the older and more affective is the
WNW to NNW (East African) and the younger and most pre-
vailing is the ENE to E–W (Syrian Arc) trends. These principal
A structural study of Agnes high Western Desert in view of potential data modelling 245trends are almost as a result of the couple forces affecting
northern Egypt. Besides other two shallow tectonic trends
(NW and NE), which characterize the structure of the area
north of the Red Sea.
The regional models show that the crustal structure in the
study area consists of normal continental crust, which is
divided into lower and upper by the Conrad of a nearly con-
stant depth. The crustal thickness is slightly thin northward
supporting the conclusion arrived by DSS studies. The depth
to the Conrad varies from 21 to 22 km while Moho discontinu-
ity ranges between 32 km and 33 km. These models support a
basement of high-density of 2.90 g/cc below the igneous and
metamorphic basement with a density of 2.67–2.76 g/cc.
The local models show that basement surface is not linear
and consists of troughs and swells, lying in depths ranging
from 2 to 8 km. They indicate that the crystallized body of
Agnes is approximated by 3 km below the earth’s surface
and extends to 9 km, with a width of about 35 km. The struc-
ture exhibits two deep grabens occupying the northeastern and
northwestern parts, where the basement north of the Agnes
high was offset by some 6–8 km. The southern graben is rela-
tively shallower in depth where the maximum thickness of the
overlying sedimentary cover attains 3.5–4.5 km. They reveal
that the basement composition in the study area is mainly of
acidic-intermediate type, except for Agnes uplift which sug-
gests basic composition.
Overview, the basin-ridge relationship and associated struc-
tures in the study area certainly create ideal conditions for
entrap pools of any hydrocarbons. Agnes horst and block
uplifts may act as ﬂanking structures, making them to be
attractive areas for further exploration.
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